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ABSTRACT 

 
Among the different vertical axis wind turbine (VAWT) rotor is a slow running wind 
machine driven by drag force and has a lower efficiency as compared to lift type machine 
but it is also inexpensive. The present work is to design and develop a modified rotor for low 
windy regions, to develop a self starting and more efficient wind turbine, which can be used 
domestically; it is portable and easily fabricated with locally available materials. In this 
work, Plate profile of the rotor was modified by using 7% of cambered plate which is giving 
higher efficiency. The rotor is designed and fabricated for application in rural areas for 
generating electricity. 

Key Words : Vertical axis wind turbine, Savonius machine, Cambered plate, Drag forces, 
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INTRODUCTION 

The literature is rich in wind powered 
machines inventions from the past and more 
are continuing to appear. The simple 
principle is that kinetic energy of wind is 
converted to mechanical energy through a 
wind turbine and further converted to 
electrical energy through a generator, so in 
conversion of energy wind turbine plays a 
main role. The kinetic energy contained in 
wind may be calculated based on first 
Principles, for a flow of air with velocity V 
and density ρ through a unit Area A perpendi 

 
-cular to the wind direction. The kinetic 
energy per unit time is given by 
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And the practical power output from a wind 
turbine may be expressed as  

3AV
2
1Cp.P   

Where Cp is the power coefficient of the 
turbine, defined as power output from 
turbine/energy available in the wind, A is the 
swept area of the rotor; V is the wind 
velocity  at  hub height.  The   turbine  output 
tower is generally lower than that calculated * Author for correspondence 
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from the power equation P=cp1/2 ρ AV3 . A 
minimum wind speed is necessary for 
starting overcome friction. This minimum is 
cut in wind speed. At high wind speeds the 
turbine limits the output to prevent structural 
damage; at maximum wind speed at which 
this occurs in the cut off wind speed1-3 

Modern wind turbines can be divided in 
two basic configurations: horizontal axis and 
vertical axis wind turbines (HAWT and 
VAWT respectively). HAWT are the most 
common units manufactured. Both types use 
aerodynamic lift and drag forces to extract 
power from the wind.  Various horizontal 
cross wind devices have been developed but 
have not been found to very effective, since 
they must be turned into the wind as the 
wind direction changes. In general vertical 
axis rotors have an advantage over horizontal 
axis rotors that they do not have to turn into 
the wind as the direction of wind stream 
varies which reduces to design complexity of 
the system and decreases gyro forces on the 
rotors.  

Vertical axis wind turbines are in which 
the axis of rotation is vertical with respect to 
the ground and roughly perpendicular to the 
wind stream, and; horizontal axis wind 
turbines are in which the axis rotation is 
horizontal with respect to the ground and 
roughly parallel to the wind stream4,5  

Both types of wind turbines are given in 
Fig. 1 with the name of the parts which 
include: A rotor or blades which converts the 
wind energy into rotational shaft energy. A 
nacelle (enclosure) containing a drive train 
usually including a gearbox and a generator. 

A tower to support the rotor and drive 
train. Electronic equipment such as controls, 

electrical cables, ground support equipment, 
and interconnection equipment. Wind turbin-
es may be attractive alternatives in area 
where fuel is usually expensive and wind 
regimes are particularly favorable. These 
conditions are likely to occur in places which 
are remote and have weak autonomous 
power systems6 

 
Fig. 1 : Wind turbine configuration 

Vertical axis wind turbine (VAWT) 
This turbine has a rotor which revolves 

about its vertical axis. Generally, it has 
considered that the maximum fraction of the 
wind energy it is Theoretical Possible to 
extract using a wind rotor. The next question 
is how it should be constructed to achieve 
energy extraction? There are obviously many 
practical solutions, and, as in most engineer-
ing situations, there is no single best arrange-
ment and the choice will depend very much 
on the application; for example the design 
selected for a small scale pumping system 
will be quite different from the chosen for 
large scale electricity generation. In addition 
to technical factors cost will be a major 
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consideration in making a selection. Some 
point of advantages and disadvantage of 
VAWT are given below.  

Advantages of VAWT  

 Need of yaw control eliminated 
reduced design complexity  

 Ease of maintenance for ground 
mounted generator and gear box.  

 Simple tower support design,  
structure and cost.  

 Simple blade design and fabrication 
cost.  

 No pitch control for synchronous cost.  

Disadvantage of VAWT 

 Lower efficiency since blades must 
move through a “dead zone” where they 
do not generate torque.  

 Difficult to control blade over speed.  
 

Classification of VAWT  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Classification of VAWT 
 

Drag Type Rotor: The Savonius Machine 
Finnish engineer S.J. Savonius substan-

tially updated basic concept in 1922, when 
he replaced the sails with cups or half oil 
drums with their open sides opposing each 
other and fixed to a central vertical shaft. 
The cup in lines with the wind flow catches 
the wind and so turns the shaft 180 degrees, 

bringing the opposing cup into the flow. This 
cup then repeats the process causing the shaft 
to rotate a further 180 degrees and complete 
a full rotation. In recent years, this principle 
has undergone further significant develop-
ment noticeably by two Finnish companies 
Shield Innovations and Oy Windside Produc-
tion Ltd. Both of these companies produce 
small helical or fluted bladed machines, 
where the drums of the Savonius rotor have 
evolved into spiral formed vanes. These 
machines are ideal for use on buoys,  

 

offshore platforms, buildings, signs and posts 
where small amounts of power are required. 
These devices benefit from being extremely 
rugged, quit and omni directional. They are 
more efficient than the conventional 
Savonius machine and exert less stress on 
their support structures.  

Savonius is a drag type rotor. Drag – 
based designs work like a paddle used to 
propel a canoe through the water. It you 
assume that the paddle used to propel your 
canoe did not slip, then your maximum speed 
you be about the same speed you drag your 
paddle. The same holds true for the wind.  

Vertical axis wind turbine 
(VAWT) 

Drag Type 
(Savonius) 

Lift Type 
(Darrieus) 

Curved 
Blade 

Flat  
Blade  

Masgrove 
Variable 
Geometry  

H-Darrieus 

Δ-Darrieus 

Ø-Darrieus 

 
Fig. 3 : Drag type rotor split Savonius 
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Fig. 4 : Darrieus wind turbine 

The three cup anemometers commonly used 
for measuring wind speed are drag based 
vertical axis wind turbines. If the velocity of 
the cups is exactly the same as the wind   
speed, we can say that the instrument is 
operating with a tip speed ratio (TSR) of 1. 
The ends of the cups can never go faster than 
the wind. So the TSR is always 1, or less 
VAWTs can useful. They can be made in 
many different ways with buckets, paddles, 
sails and oil drums. The Savonius rotor is S 
shaped (when viewed from below) and 
apparently originated in Finland. A good 
Savonius turbine might exceed a TSR of 1 
but not by much. All of these designs turn 
relatively slowly but yield a high torque. 
They can be useful for grinding grain 
pumping water and many other tasks7,8 

Lift Type Rotor: The Darrieus Machine 
In 1931, a French engineer, George J. M. 

Darrieus, invented a new type of vertical axis 
wind turbine. The Darrieus type of machine 
consists of two or more flexible airfoil blades 
which are attached to both the top and 
bottom of a rotating vertical shaft giving the 
machine the appearance of giant egg whisk. 
The wind blowing over the airfoil contours 
of the blade create aerodynamic lift, which 
actually pulls along the blades. The machines 
proved to be quite efficient and reliable. 
However there was a allowing for the extra 
centrifugal forces in high winds and at high 
rotation speeds. Unfortunately, this flexing 
led to premature fatigue of the blade material 
and led to a number of blade failures, further 
more, the bottom fixing of the blade is only a 
few feet above ground level. While this 
makes the generating plant easily accessible, 
the machine cannot take advantage of the 
higher wind speeds that a tall support tower 

offers. This is based on lift based design and 
tall support tower offers9,10 

 

having TSR more than 1; a good way of 
determining whether a VAWT design is 
based on drag or lift is to see if the TSR can 
be better the 1. A TSR above 1 means same 
amount of lift, while TSR below 1 means 
mostly drag. Lift based designs can usually 
output much more power more efficiently. 
VAWTs are very difficult to mount high on a 
tower to capture the high level winds. 
Because of this they are usually forced to 
accept the lower, more turbulent winds and 
produce less in possibly more damaging 
winds. Guy cables are usually used to keep 
the turbine erect they also impose a large 
thrust loading on the main turbine bearings 
and bearing section is critical like all types of 
turbines replacing main bearings requires 
that the turbine be taken down.  

Objectives  

Based on the literature survey the main 
objectives of this work are: 
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 To Design and Develop a wind 
turbine rotor for low windy regions.  

 To develop of self starting and more 
efficient wind turbine.  

 To used it domestically as its 
portability.  

 To fabricate it for testing and 
performance.  

 To modify the plate profile using 7% 
cambered plate for maximum power 
output.  

 To develop a Wind turbine which 
may be easily fabricated with easily 
available material, less maintenance, 
silent, non-polluting and low cost.  

Theoritical consideration  
How do Wind Turbines Work? 

Horizontal and vertical axis wind 
turbines both make use of the aerodynamic 
forces generated by aerofoil in order to 
extract power from the wind, but each 
harnesses these forces in a different way. In a 
fixed pitch HAWT, assuming the rotor axis 
is in constant alignment with the 
(undisturbed) wind direction, for a given 
wind speed and constant rotation speed the 
angle of attack at a given position on the 
rotor blade stays constant throughout its 
rotational cycle. During the normal operation 
of a horizontal axis rotor, the direction from 
which the aerofoil ‘sees’ the wind is such 
that angle of attack remains positive 
throughout. In the case of vertical rotor 
however the angle of attack changes from 
positive to negative and back again over each 
rotation cycle. This means that the suction 
side reverses during each cycle. So a 
symmetrical aerofoil has to be employed to 
ensure that power can be produced 
irrespective of whether the angle of attack is 
positive or negative.  

Horizontal Axis Wind Turbine 
Horizontal axis wind turbines operate 

with their rotation axes in line with the wind 
direction and are so called axial flow 
devices. The rotation axis is maintained in 
line with wind direction by a yawing 
mechanism that constantly, realigns the wind 
turbine rotor in response to changes in wind 
direction.  

The performance of a horizontal axis 
wind turbine rotor is dependent on the 
number and shape of its blades and the 
choice of aerofoil section, together with the 
blade chord relative wind angle and blade 
pitch angle at position along the blade, and 
the amount of twist between the hub and the 
tip.  

Vertical Axis Wind Turbines 

Modern VAWTs, unlike HAWTs are 
cross flow devices this means that the 
direction from which the undisturbed air 
flow comes at right angles to the axis of 
rotation, that is air flow across the axis. As 
the rotor blades turn, they sweep a three 
dimensional surface, as distinct from the 
single circular plane swept by a HAWTs 
rotor blades. In contrast to traditional vertical 
axis windmills, the blades of modern vertical 
axis wind turbines extracts most of the power 
from the wind as they pass across the front 
and rear (relative to the undisturbed wind 
direction) of the swept volume. When the 
blade is moving at a velocity several times 
greater than the undisturbed wind velocity, 
the angle of attack from which it sees the 
relative wind velocity through varying 
remain small enough to enable it to absorb 
aerodynamics forces which impart a 



Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 
  

 
 

859

tangential driving force and torque to the 
rotor. The vertical axis wind turbine will 
function with wind blowing from any direct-
ion, but let us assume initially that it is 
blowing from one particular direction and 
also that the setting angle of the blade is such 
that its chord is in line with the tangent 
circular path of rotation (i.e. it has zero set 
pitch) clearly the direction of the undisturbed 
wind changes from zero to 3600 over each 
cycle of rotation. It might appear that the 
angle of attack of the wind to the blade 
would vary by the same amount and so it 
might seem impossible for a VAWT to 
operate at all. However, we have to take into 
account the fact that when the blade is 
moving. The relative wind angle seen by the 
blade is the resultant of the wind velocity V1 
at the rotor and the blade velocity u. 
Provided that the blade is moving 
sufficiently fast, relative to the wind velocity 
(in practice this means of tip speed ratio of 
three or more), the angle of attack that the 
blade makes with the relative wind velocity 
‘W’ will vary with in a small range11,12 

The lift and drag forces acting on the 
blade can be resolved into two components 
‘normal’ (N) that is line with the radius and 
‘tangential’ (T) (that is perpendicular to the 
radius) The magnitude of both components 
varies as the angle of attack varies during 
rotation cycle and as a result, the torque 
output fluctuates as the turbine rotates Fig. 
5(a) and Fig. 5(b).  

 
Fig. 5(a)  

 
 
 

Fig. 5(b)  
 
 
 
 

 

 
 

Fig. 5(c)  
 
Fig. 5(a) : blade forces and the relative 
velocities for the VAWT showing angle of 
attack at different position Fig. 5(b) : Detail 
aerodynamic forces on a blade elements of a 
VAWT rotor blade Fig. 5(c) : normal (radial) 
and tangential (cord-wise) components of 
force on a VAWT blade13,14 

The blade is moving, the direction from 
which the blade ‘sees’ the relative wind 
velocity, W, is the resultant of the tangential 
velocity, u, of the blade at that position and 
the wind velocity, V1 at the rotor. The 
tangential velocity, u at a point along the 
blade is the product of the angular velocity, 
Ώ (in radians per second) of the rotor and 
local radius, r, at the point that is.  

u = Ώ r 
The wind velocity at the rotor, V1 is the 

undisturbed wind velocity upstream of the 
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rotor Vo, reduced by a factor that takes 
account of the wind being slowed down as a 
result power extraction. This factor is often 
referred to as the axial interference factor, 
and is represented by ‘a’. The relative wind 
angle ‘Ø’ is the angle that the relative wind 
makes with the blade (at a particular point 
with local radius r along the blade) and is 
measured from the plane of rotation. The 
angle of attack ‘α’, at this point on the blade 
can be measured against the relative wind 
angle Ø. The blade pitch angle (usually 
represented by β) is then equal to the relative 
wind angle of attack. Because, the rotor is 
constrained to rotate in a plane at right angle 
to the undistributed wind. 
 

     
 
Fig. 6 : Aerodynamic force and torque variation 

 
The driving force at a given point on the 
blade is that component at the aerofoil lift 
force that acts in the plane of rotation. This is 
given by the product of the lift force ‘L’, and 
the sine of the relative wind angle Ø (i.e. L 
sin Ø) The component of the drag force in 
the rotor plane at this point is the product of 
the drag force ‘D’, and the cosine of the 

relative wind angle Ø (i.e. D cosØ). The 
torque ‘q’ is the moment about the centre of 
rotation. 

Aerodynamic force and torque variation 
on vertical axis Wind Turbine  

The aerodynamic force on each blade as 
illustrated in Fig. 6(a) in acts predominantly 
in the downwind direction and so is 
experienced by the blade as a load which 
reverses at each revolution Fig. 6(b) under 
strong wind conditions the magnitude of the 
reversion. Aerodynamic load is high and its 
combination with the steady centrifugal load 
makes it difficult to design blade with an 
adequate fatigue life.  

Vertical axis wind turbine characteristics 
Vertical axis wind turbines like HAWTs 

can be made with any number of blades, but 
given the usual electricity generating 
applications there is no point in having more 
than three blades and two is usually preferred 
with two or one blades the aerodynamic tor -
que produced by a vertical axis wind turbine 
varies cyclically. As shown in Fig. 6(c) with 
variations that are approximately 100% of 
the mean torque. In principle these torque 
fluctuations could be almost eliminated by 
using three blades, so that the torque versus 
time variation due to each blade is either 
1200 ahead or 1200 behind the torque versus 
time variations of the other two blades. In 
practice due to the effects of turbulence the 
benefit from using three blades is less 
noticeable. Moreover, the rotor of a vertical 
axis is able to provide substantial torque 
smoothing, provided that some small 
variation in the rotor speed is possible. In 
most application VAWTs like HAWTs will 
use induction generator and these rely for 
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their operation on the generator turning 
slightly faster than synchronous speed. As 
the torque input to the generator increases, so 
does the slip and this means that the wind 
turbine’s rotor speed will vary slightly within 
each revolution and most of the fluctuating 
aerodynamic torque produced by the blades 
is absorbed in small accelerations and 
decelerations of the rotor. Quantitatively, the 
fractional variation in the torque produced by 
a two blades VAWT is reduced as a result of 
the rotor inertia and the generator slip ‘S’, to  

(δQ/Q) = (1+ 16 ώ2ΐ2s2)-0.5 

Where ώ is the nominal rotor speed (in rad/s) 
and ΐ the inertia time constant for the rotor. 
This last parameter gives a measure of the 
energy stored in the rotor and is defined as ΐ 
=(0.5 I ώ 2)/p where I is the rotor inertia and 
p=Q ώ is the turbines power output.  
Momentum theory  

The momentum theory can be applied to 
each intersection of the air stream with the 
actuator cylinder. However conditions vary 
around the cylinder and so it common to 
consider a multiplicity of stream tubes which 
pack together to fill the cylinder volume. 
Momentum theory is applied separately to 
each intersection in each stream tube (Fig. 7) 
shows a plan view of the cylinder and a 
typical stream tube.  

  
Fig. 7 : Plan view actuator cylinder 

The two intersections are treated as two 
actuator disk in tandem. The disk areas are 
different because of the expansion of the 
stream tube and although the disk is not 
normal to the flow direction, these areas are 
taken to the normal cross sections15 

It is assumed that a point somewhere 
between the disks the static pressure rises 
through the atmospheric level ‘P∞’, and at 
this point the stream tube velocity is ‘Ua’. 
By momentum theory therefore at the 
upstream disk,  
Uu = U∞(1-au) 
 And Ua = U∞(1-2au) 
The rate of change of momentum for the  
upstream part of the stream tube is then  
Fu=2AuρU2

∞(1-au)au  

The speed Ua now become the upstream 
velocity (instead of U∞) for the down stream   
disk and hence  
 Ud=Ua (1-ad)     and 
Uw=Ua(1-2ad) 
So the rate of change of momentum is, 
Fd=2AdρU2

a(1-ad)ad 

Au and Ad are the respective normal cross 
sectional areas of the stream tube.  

METHODOLOGY 
In this wind turbine to modify the plate 

profile of rotor using 7% cambered Plate and 
tried to give an aerofoil shape. It is observed 
that frame structure and plate material was 
very loose as the material was sheet metal, 
the cause for high vibrations at the wind 
speed 5.6 m/s. We have used heavy frame 
structure and 0.6 mm G.I. sheet for plate 
material. Also, the 5 blades made it very 
heavy rotor. In order to rectify this problem, 
a modified model is fabricated on the same 
Savonius rotor principle, two bicycle rims 
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are used to support structure and make it 
stiff. These rims also act as a flywheel. Five 
blades reduced to two and fitted from the 
sides by iron strip. 
 

 

   
 

Fig. 9 : Fabricated wind turbine 
 
In previous one, rope was skidded laterally 
on hollow cylinder. Here, rope is connected 
through rim circumference which has V- 

grove resulted no skidding also rims bigger 
diameter gives more diametric ratio. In 
previous model, bicycle dynamo is used to 
generate power (electricity), where as in this 
model we have used car viper machine that is 
reverse in order. This gives more power than 
bicycle dynamo. Fabrication of the turbine is 
done for testing, to check various perfor-
mances characteristics.  

Design and fabrication 

We have observed that the air after striking 
blade 1 disturbs the free air flow by reducing 
the wind velocity and create turbulence 
where as blade 2 is fully exposed to free 
flowing wind, This produces counter force 
that is produced at blade 1. Wind force at 
blade 1 and 2 will balance each other 
therefore torque will be less. 
Turbine is designed on the following design 
parameter. 
Modified the plate profile using 7% camber 
and given it a aerofoil shape.  
Taken overlap ratio S = 0.15 D 
Aspect ratio L/D = 1 
No of blades in rotor = 2 
Diameter of rotor = 647.7 mm 
Height of rotor = 647.7 mm 

Fabrication 
Solid shaft 
A solid iron metal rod is used as a central 
stationary shaft.  
Dimensions of solid shaft are: 
Material : Mild steel 
Diameter : 254.4 mm 
Height   :  914.4 mm 
Quantity  : 1 No. 

Hollow pipe 
A hollow pipe is used as around the central 
stationary shaft.  
Dimensions of hollow pipe 

 

 
Fig. 8 : A View of rotor 
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Material :  Mild steel 
Diameter : 45 mm 
Height  :  546.1 mm 
Quantity  : 1 No. 

Bearing 
Specifications of bearing are: 
Number  :  6204 
Type   : Radial ball bearing 
Inner Dia. : 22 mm 
Outer Dia. : 45 mm  
Quantity : 2 No. 
Cycle rim 
Material  : Mild steel 
Diameter : 647.7 mm 
Quantity  :  2 No. 

Plates 
G.I. sheet is used to prepare plates. 
Dimensions of blades are; 
Material  : G.I.  
Thickness : 0.6 mm 
Width              :            381 mm (Curve with         
                                       7% of camber ) 
Height               : 609.6 mm 
 Quantity : 2 No. 

Frame 
Mild steel angle is used to prepare the frame 
structure. That is bolted so it can be portable 
Dimensions of frame structure 
Material : Mild steel 
Thickness  : 35 mm 
Width  : 914.4 mm 
Height  : 1066.8 mm 
 
Quantity            :        4 No. (For Vertical          
                                      Position) 
             :        8 No. (For Horizontal            
                                     Position) 
             :        2 No. (For supporting            
                                     the shaft) 

Dynamo (Car Viper Machine) 
An easily available Car viper machine is 
used of following specifications: 
Volts : 12V 

Quantity: 1 No. 

Fastening devices 
According to need following fastening 
devices are used: 
Bolt : 2 No. (Fixed shaft upper and lower 
frame)Nut Bolt: 20 No. (4 on each side of 
frame + 2 upper and lower)Rivet: 10 No. (5  
in each blade) 

 

 
RESULTS AND DISCUSSION 
After completing the design and 

fabrication operations, we evaluated the 
performance of machine through the shown 
experimental setup. Experimental setup 

 
Fig. 11 : Power transmission system 

 
Fig. 10 : A Complete testing and performance 

setup of machine 
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consists, assembly of various component and 
equipment such as wind tunnel, Anemo 
meter, tachometer and weighing machine. 
When we start the wind tunnel the wind 
strikes the plate of rotor, which starts rotating 
due to its effect. Anemometer measures the 
speed of wind in meter per second. 
Tachometer measures rpm of rotor and 
weighing machine measures the force of the 
rotor.  

When we start blowing air we observe 
that, at 1.5 m/s velocity of wind measured by 
anemometer, the rpm of 30 is obtained. As 
we continue our operation, we closely 
observed its performance and behavior. At 
the wind speed 12 m/s we obtained a rpm of 
330.  

Performance characteristics of wind 
turbine are plotted in graph. The tangential 
speed of the rotor at the tip of the plates was 
measured in meter per second. This speed to 
wind speed ratio called tip speed ratio. The 
ratio provides a parameter to compare wind 
turbine of different characteristics. Fig. 12 
shows variation of force torque and angular 
speed of rotor with respect to tip speed ratio 
and Fig. 13 shows variation of tip speed  

ratio, power, force, torque, angular velocity 
and rpm of rotor with respect to wind speed. 
From the curves obtained, it can be said that 
this wind turbine can be utilized for the 
power production in small capacity. This is 
its initial stage and in future a series of these 
types of turbines can produce a good amount 
of power.  

CONCLUSION 
The rotor using 7% cambered plate 

improvising on the drawbacks, which was 
then further modified to more advantageous 
machine. Machine has a vertical axis which 
eliminates the expensive power transmission 
system from rotor to axis furthermore the 
wind direction omits. It can be useful for tall 
installations because the shaft is stationary 
and the power transmission is to be done 
through rim and enhancing its power 
generation capacity to 17.3 Watts. It is self 
starting and even starts at a low wind speed 
of 1.5 m/s. A good amount of power output 
can be produced by about 3-4 m/s wind 
speed, which is normally available in any 
city and village of India. This machine has 
stiff rims for better support and is also cheap 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 : wind speed characteristics 

 
Fig. 12 : Tip speed ratio characteristics 
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because old rims can be used from the scrap. 
Iron metal sheet is used for making structure 
light in weight and it is portable as it is small 
in size. Cost of this turbine is not calculated 
at commercial level but approximately 
expenditure Rs.2000 was incurred for the 
prototype. Turbine is designed and fabricated 
keeping in minds its application in rural 
areas for generating electricity.  
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